Introduction
Supramolecular sensors for the detection of anions have received considerable attention over the past two decades. 1, 2 Such systems typically exploit non-covalent interactions between a guest molecule and a host molecule to induce a change in the host (e.g., shift of NMR resonance, color change, fluorescence response, electrochemical behavior, etc.). Supramolecular sensors are advantageous when compared to chemodosimeters because non-covalent interactions are reversible, providing dynamic monitoring of an analyte. Arguably the most powerful of these sensors exploit a fluorescence change due to their inherent sensitivity. 3 Existing fluorescent organic sensors for halides are either based upon a 6-methoxyquinolinium scaffold [19] [20] [21] or modified yellow fluorescent protein. 22, 23 Both classes of sensors undergo collisional quenching in the presence of a halide, allowing the concentration of analyte to be ascertained using the SternVolmer relationship. 24 While these sensors are widely used and commercially available, turn-off sensors suffer from high background emission; therefore, it is desirable to develop a turn-on sensor to allow for improved spatial resolution of the target ion. Furthermore, existing sensors are susceptible to interference from other halides, "pseudohalides" and dissolved oxygen, thus making more selective alternatives attractive. 19, 24 "Aggregation induced emission" (AIE) dyes or dye aggregates with active photophysical properties typically contain highly conjugated backbones with moieties capable of having their inherent rotational freedom restricted by noncovalent interactions or crystal packing forces. 4, 5 Often acting through J-aggregation, these systems have been known since at least 1935 5 and have recently found use as fluorophores for sensing analytes. 5, 6 Under most conditions the molecules rotate freely and are non-fluorescent, but upon application of an external or internal stimulus, such as a change in solvent or temperature, rotational freedom becomes restricted. 4 Ultimately the molecules aggregate and an atypical turn-on fluorescent response occurs. AIE has been used as a sensing platform for analytes such as cyanide, 7 carbohydrates, 8 amino acids, 9 CO 2 , 10 and electron deficient aromatics.
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Aggregation-based fluorescence responses could allow for turn-on fluorescence sensors to be further developed for use in detecting analytes, such as halides, typically viewed as quenching agents. 4 Our previously reported bis(arylethynyl)pyridine-based compounds have shown considerable promise towards selective turn-on anion sensing. [12] [13] [14] [15] The synthesis and characterization of a turn-on sensor (1 + ), which is activated by aggregation with anions and selective for chloride over other biologically relevant anions in water under acidic conditions, is reported herein. This is a rare example of a fully organic, turn-on fluorescent sensor selective for chloride in water. Chloride's importance is increasingly appreciated as more studies demonstrate its involvement in biological processes, including regulation of cellular volume and nerve transduction.
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Results and Discussion
Synthesis of receptor 1 is achieved through a typical Sonogashira cross-coupling and introduction of a watersolubilizing group in the final step (Scheme 1 
Fluorescent Response to Anions
To determine selectivity of 1 + , excess equivalents (>500) of various anions ‡ as their sodium salts were added to 0.5 mM aqueous solutions of 1 + in the presence of 1% TFA ( Fig. 1 ).
Upon addition of a sodium salt to 1 + , a visible color change from pale to dark yellow is observed, depending on the concentration or equivalents of chloride. A notable distinguishing feature is the presence of aggregates in certain samples, which coincides with fluorescence "turn-on". The presence of small spherical aggregates was confirmed by SEM (ESI). Excitation at 365 nm via a hand-held long-wave UV lamp illustrates the selective response of the protonated host to chloride, resulting in a change from a nearly imperceptible blue to a bright yellow-green fluorescence (Fig. 1c) . Most of the other anions investigated produced little to no turn-on response, except for sodium fluoride and sodium perchlorate-significant anions with regards to their environmental impact but not typically a biologically relevant interferent with regards to sensing chloride in a cellular environment. This selectivity is further highlighted in the emission spectra collected when the complexes are excited at λ max (1 + •Cl -) = 425 nm (Fig. 1a,b to a white fluorescence upon the addition of chloride (ESI). As water is introduced to the DMSO solution, up to 70%, this fluorescence is quenched (Fig. 2) . At 80% water in DMSO, 1 + •Cl -begins to aggregate and fluorescence is dramatically turned on. Once 90% water is reached, the solution is still highly fluorescent and the visible concentration of aggregates is further increased (Fig. 2b) ; however, the measured fluorescence at an excitation of 425 nm is quenched in comparison to the 80% water solution (Fig. 2a) . This observation could be caused by the large concentration of aggregates (which typically results in quenching for non-AIE active compounds). and HC Py . These four shifts were globally fit to 1:1 association using non-linear regression in MatLab. 26 Titration results in 0.5% H 2 O/d 6 -DMSO, however, were inconsistent and correspond to possible additional equilibria § and weak association overall (K a ≤ 100 M -1 ) in a highly competitive solvent system, which still demonstrates a selectivity for chloride over other biologically relevant anions investigated.
To ascertain association constants of 1 + more easily, less competitive solvents were used in conjunction with d 6 -DMSO. Fig. 3 ). The globally fit association constant for chloride was determined to be 300 ± 10 M -1
. Bromide also fit to a 1:1 equilibrium with the largest changes in chemical shifts also corresponding to R 3 N + H
and HC Py (∆δ ≈ 0.45 and 0.34 ppm, respectively), but exhibits weaker binding than chloride with an association constant of 40 ± 1 M -1 . In addition to confirming the selectivity for chloride in highly competitive solvent systems, NMR titrations are able to provide insight into the multiple binding conformations and possible routes to aggregate formation.
Binding Conformations of 1 +
Most of our bisurea arylethynyl systems, particularly the pyridine-and phenyl-based receptors, typically bind in a U conformation, 14, 27, 28 leading us to hypothesize receptor 1 + would adopt a similar U conformation with a five-point binding site involving the electrostatic pyridinium moiety (Fig. 4) . However, crystal and solution studies have also demonstrated the existence of alternative W and S conformations in this general class of bisurea arylethynyl receptors.
29-31
Binding conformation would be affected by the protonation state of 1 + as two sites are available for protonation: the (Fig. 4) . Chloride must sit inside the cleft formed from an S or W arrangement in order to H-bond to the R 3 N + H and HC Py protons, similar to what is observed when our related bipyridine-based receptor binds chloride or bromide (referred to as the Z arrangement). 30 As discussed, additional equilibria arise during the titration of bromide or chloride into 1 + , likely indicating a competing 1:2 interaction. What is unclear is whether this secondary equilibrium occurs with the pyridinium NH proton (1:2 S) or CH proton (1:2 W). While the binding conformation is of interest, the important aspect of this system lies within its strong and selective fluorescent response to chloride
Conclusions
The quantitative detection of chloride using a small molecule probe with a positive fluorescence response is a challenging target for molecular probe development. Fully organic sensors for aqueous chloride typically undergo fluorescence quenching or suffer from competition with other anions. By using chloride as a template for fluorophore aggregation, receptor 1 + offers a route to overcome these obstacles. Other biologically relevant anions investigated appear to template non-emissive or significantly blue shifted aggregates in water, when produced. ‡ Dihydrogen phosphate is excluded from these results due to its likely fully protonated state at the pH of the solutions containing excess TFA, as well as experimental NMR evidence indicating its ability to deprotonate the receptor when excess TFA is not present. § The titration of the seemingly 1:1 chloride association ends at ~15 equivalents. Beyond 15 equivalents new peaks appear in the 1 H NMR spectra indicating the presence of an additional equilibrium, slow on the NMR time scale. In the case of bromide, however, a new peak appears before the titration is finished at ~30 equivalents of anion. 
